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ELECTRICAL  SYMBOLS  FOE  MINE  MPS. 


By   II.  H.  Clark. 


INTRODUCTION. 

The  State  mining  law  passed  by  the  Pennsylvania  Legislature  in 
1911  requires  that  the  location  of  all  stationary  electrical  apparatus 
forming  part  of  the  electrical  system  of  bituminous  coal  mines,  in- 
cluding permanent  cables,  conductors,  lights,  switches,  and  trolley 
lines,  shall  be  shown  on  a  map.  and  that  the  map  shall  also  show  the 
capacity  of  each  motor,  generator,  or  transformer  and  the  nature  of 
its  duty.  Since  the  passage  of  this  law  there  has  been  some  discussion 
!-  .o  symbols  that  should  be  used  for  carrying  out  the  requirements  of 
the  act. 

The  Federal  Bureau  of  Mines  for  some  time  previous  to  the  enact- 
ment of  the  statute  just  mentioned  had  been  considering  the  same 
subject  and  had  prepared  a  list  of  symbols  for  the  purpose.  Idealiz- 
ing the  advantages  that  will  attend  the  adoption  of  a  uniform  system 
of  indicating  electrical  apparatus  on  mine  maps,  the  bureau  is  issuing 
the  following  description  of  its  symbols  for  the  consideration  of  all 
who  may  be  interested  in  the  matter. 

THE   USE   OF   SYMBOLS. 

Several  advantages  are  to  be  gained  by  using  symbols  on  maps. 
Symbols  shorten  the  work  of  compilation,  give  information  more 
clearly  and  concisely  than  words,  and  permit  a  map  to  be  read  with 
maximum  speed  and  accuracy.  Moreover,  their  use  makes  possible 
a  uniform  and  even  a  universal  system  of  denoting  facts. 

Uniformity  of  practice  is  nearly  always  desirable,  although  the 
benefits  to  be  derived  from  uniformity  may  be  greater  in  some  in- 
stances than  in  others.  The  several  State  in-pection  departments 
would  be  greatly  benefited  by  the  adoption  of  a  uniform  system  of 
svmbols  in  each  State,  and  even  greater  advantages  would  accrue  if 
all  the  States  would  adopt  the  same  system. 
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The  use  of  a  uniform  system  of  symbols  would  also  be  of  assistance 
to  all  those  who  are  interested  in  the  location  and  layout  of  under- 
ground apparatus,  but  may  make  only  occasional  or  infrequent  visits 
to  any  one  mine. 

REQUIREMENTS    OE    SYMBOLS. 

Symbols  are  merely  conventional  abbreviations.  There  are,  how- 
ever, certain  desirable  characteristics  that  symbols  should  possess. 
The  first  requisite  is  ease  of  recognition.  In  order"  to  be  easily 
recognized,  a  symbol  should  suggest  by  its  appearance  the  form  or 
function  of  the  apparatus  that  it  represents.  If,  as  is  often  the  case, 
it  is  not  expedient  to  make  a  symbol  as  suggestive  as  possible,  the 
symbol  should  at  least  be  distinctive  in  appearance.  Symbols  should 
also  be  easy  to  make  and  duplicate  and  should  not  be  used  for  more 
than  one  purpose  in  the  same  kind  of  work. 

Symbols  representing  apparatus  of  a  certain  class  should,  if  pos- 
sible, bear  a  common  distinctive  mark.  This  makes  them  easier  to 
memorize  and  recognize.  Hence  in  the  list*  given  in  this  paper 
rotating  machines  are  represented  by  circles,  explosion-proof  ap- 
paratus is  inclosed  in  a  square,  and  signals  are  inclosed  in  a  triangle. 
Whenever  possible,  related  symbols  should  be  built  up  from  a  common 
basic  character,  as  words  are  from  a  common  root  by  the  addition  of 
prefixes  and  suffixes  to  show  the  shades  of  meaning.  This  plan  has 
been  attempted  in  the  following  list.  For  instance,  a  certain  funda- 
mental character  has  been  taken  to  represent  a  direct-current  motor 
and  is  reproduced  in  all  symbols  referring  to  direct-current  motors 
of  any  sort.  An  inclosing  square  is  added  to  represent  an  explosion- 
proof  motor  and  certain  other  additions  are  made  to  represent  fan 
motors,  pump  motors,  or  hoist  motors. 

DERIVATION   OF   THE    SYMBOLS. 

ROTATING    MACHINES. 

All  rotating  machines  are  represented  by  circles.  A  list  of  these 
symbols  is  given  in  figure  1.  The  symbol  for  a  direct-current  motor 
has  been  used  in  electrical  diagrams  for  some  years  and  is  suggestive 
of  a  commutator  and  its  brushes. 

The  alternating-current  motor  symbol  is  suggestive  of  the  slip 
rings  used  in  some  forms  of  that  type  of  machine. 

The  symbol  for  high-voltage,  alternating-current  motors  is  dis- 
tinguished by  having  the  inside  circle  solid.  High-voltage  direct- 
current  motors  are  not  used,  and  it  is  not  necessary  to  distinguish 
between  motors  of  low  and  medium  voltage,  as  the  voltage  of  the 
system  sufficiently  defines  the  motor  voltage. 

Explosion-proof  types  of  any  of  the  above  motors  are  represented 
by  inclosing  in  a  square  the  symbol  for  the  open-type  machine. 
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The  symbol  which  indicates  that  a  motor  is  driving  a  fan  is  made 
by  adding  to  any  motor  symbol  two  triangles  to  suggest  fan  blades. 

The  pump-motor  symbol  is  made  by  adding  triangular  marks; 
these  distinguish  it  perfectly  from  the  fan-motor  symbol  and  may 
be  considered  as  suggesting  a  section  through  the  impeller  of  a  cen- 
trifugal pump. 


Fans 


DUTY 

Lumps 


I  foists 


Direct  current,  low  voltage,  open.  .__     -O-iO         -Q- 


20 


Direct  current,  low  voltage,  explosion 
proof ___  rQ]10 


20 


20 


15 


0 


50 


25 


Alternating  current, low  voltage,  open.    (3)  io         (o)  io  (o\  15 


Alternating  current,  low  voltage  explo- 
sion proof 


o 


50 


© 


10 


20 


i 


50 


50 


Alternating  current,  high  voltage,  open.    /y\  100       (#)  100         W  75 


100 


Fh;.  1. — Symbols  for  motors. 

The  symbol  for  a  hoist  motor  is  formed  by  t he  addition  of  two 
parallel  lines  to  the  motor-symbol  root;  these  lines  suggest  the  track 
over  which  the  hoist  acts. 

The  symbol  for  a  direct-current  generator,  is  the  direct-current 
motor  symbol  with  the  letter  G  added.     (See  fig.  2.) 

Direct  current , -©-  250 


Alternating  current 


500 


Motor-generator  set,  high-voltage  motor (•) — (g) 

Motor-generator  set,  low-voltage  motor (o) — (g) 

Rotary  converters (<£)  100 


100 


100 


Transformers ~*\    /*"  !-50 

Fig.  2. — Symbols  for  generators,  converters,  and  transformers. 

The  symbol  for  an  alternating-current  generator  is  the  alternating- 
current  motor  symbol  with  brushes  added  to  the  slip  rings. 

The  symbol  for  representing  motor-generator  sets  is  made  by  con- 
necting with  a  line  the  motor  and  generator  symbols. 
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The  rotary-converter  symbol  is  the  result  of  superimposing  a  direct- 
current  generator  symbol  upon  the  symbol  for  an  alternating-current 
motor.  For  the  sake  of  simplicity  the  G  of  the  generator  symbol  is 
omitted. 

The  transformer  symbol,  "which  is  suggestive  in  form,  is  taken  from 
a  list  of  symbols  published  by  the  Xational  Electrical  Contractors' 
Association  and  approved  by  the  American  Institute  of  Architects. 

SWITCHES. 

The  representation  of-  switches  is  simple,  as  is  shown  by  the  sym- 
bols in  figure  2.  The  root  is  the  character  S,  which  is  used  by  the 
Xational  Electrical  Contractors'  Association.  The  figure  preceding 
the  root  denotes  the  number  of  poles  and  the  figure  used  as  an  ex- 


Single  point,  single  throw  „ 

Single  point,  double  throw— 

Double  point,  single  throw— 

Double  point,  double  throw_ 

Triple  point,  single  throw 

Triple  point,  double  throw— 

Four  point,  single  throw 

Four  point,  double  throw 

Oil,  automatic 1__ 

Oil,  hand  operated 

Automatic  trolley '. 


SWITCHES 
Exp.  Proof 

s 


2$ 


2$a 


3$ 


3$' 


4$ 


4$: 


Open 

$ 

$2 
2$ 

2$2 

3$ 

3$2 
4$ 
4$2 

EZ3I 

EZ3 

nvxn 


Fig.  3. — Symbols  for  switches. 


ponent  denotes  the  number  of  throws.  For  the  sake  of  simplicity 
figures  are  not  used  to  denote  single  pole  or  single  throw. 

Explosion-proof  switches  are  represented  by  inclosing  in  a  square 
the  symbol  for  the  open-type  switch. 

The  symbols  for  oil-type  switches  have  been  previously  used  for 
the  same  purpose. 

The  symbol  for  the  automatic  trolley  switch  can  not  be  regarded  as 
especially  suggestive,  but  is  distinctive  enough  and  is  easily  made. 

MISCEIXAX EOUS   A PPARATUS. 

A  list  of  the  symbols  for  miscellaneous  apparatus  is  given  on 
figures  4  to  6.  The  symbol  for  a  lightning  arrester  is  suggestive  of 
the  multigap  type  of  that  class  of  apparatus. 

The  symbol  for  a  switchboard  is  intended  to  suggest  a  cross  section 
of  a  panel  and  its  supporting  pipe  framework. 
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The  symbol  for  a  section  insulator  suggests  the  function  of  that 
device;  moreover,  it  is  distinctive  and  easily  made. 

The  bore-hole  symbol  is  distinctive  and  easily  made,  li  differs 
in  form  from  the  symbol  thai  has  been  used  in  the  past  for  bore 
holes  in  which  wires  may  or  may  not  be  present. 

The  incandescent-lamp  symbol  is  simple,  distinctive,  and  not  unlike 
symbols  which  have  been  previously  used  for  lamps. 

Lightning  arresters -AA.- 

Switchfaftards C=F=3 

Section  Insulators  (in  trolley).   — n- 

Bore  holes  for  wires *- 

Incandescent  lamps — x — 

Fig.   I.     Mi-     llaneous  symbols. 

The  signal  symbols  arc  related  by  making  their  general  shape 
triangular.     A  signal  lighl  i-  represented  by  inclosing  in  a  triangle 

the  symbol  which  represents  an  incandescent  lamp. 

A  signal  bell  or  gong  is  represented  by  a  circle  inclosed  in  a 
triangle. 

Lights A 

Bells  or  gongs ^ 

Telephones ^ 

Pig.  5. — Symbols  for  signals. 

Inasmuch  as  the  telephone  may  be  regarded  as  a  signaling  device 

this  symbol  is  also  made  triangular,  dots  being  placed  at  the  corners 
of  the  triangle  to  make  the  symbol  distinctive.  This  symbol  is  easier 
to  make  and  duplicate  than  the  outline  of  a  telephone  mouthpiece, 
although  the  latter  is  more  suggestive. 

The  old  conventional  symbol  is  used  for  ground  connection-.  A 
circle  has  been  added  to  denote  a  ground  to  a  pipe.    The  letter  R  has 

Ground  connections  to  earth w 

Ground  connections  to  pipe *%- 

Ground  connections  to  rail -§- 

Cross  bonding  of  pipe  and  rail §g 

Marginal  note {} 

Direction  or  source  of  power „ 

Pig.  0. — Symbols  for  crround  connection-. 

been  added  to  denote  a  ground  to  a  track  rail,  and  both  the  E  and  the 
circle  have  been  added  to  represent  the  cross-bonding  of  pipe  and  rail. 
The  symbol  for  a  marginal  note  has  been  included  in  the  list  of 
symbols,  so  that  desirable  information  not  shown  by  the  symbol-  may 
be  noted  on  the  margin  of  the  map  and  be  conveniently  available  for 
reference. 
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The  direction  of  the  source  of  power  from  any  point  is  shown  by 
an  arrow  pointing  toward  the  source. 

CONDUCTORS. 

A  list  of  the  symbols  for  conductors  is  given  below : 

Trolley _. T 

Medium  and  low  voltage,  bare B 

Medium  and  low  voltage,  insulated I 

Medium  and  low  voltage,  leaded D 

Medium  and  low  voltage,  armored E 

High  voltage,  leaded |_ 

High  voltage,  armored : A 

Ground G 

Telephone P 

Shot  firing H 

High-tensi  n  lines  on  surface 1 =E== 

In  connection  with  the  letter  representing  conductors,  figures  can  be 
used  to  indicate  the  number  of  such  conductors  that  pass  any  desig- 
nated point. 

Regardless  of  the  system  used,  more  or  less  difficulty  will  be  ex- 
perienced in  clearly  representing  several  parallel  conductors  on  small 
scale  maps.  The  following  plan  has  been  adopted  by  the  Bureau  of 
Mines  as  most  satisfactoiy  for  general  use: 

A  single  dotted  line  is  shown  on  the  map  wherever  there  are  any 
electric  wires.  The  presence  and  extent  of  such  wires  are  then  appar- 
ent at  a  glance.  The  number  and  character  of  the  circuits  are  shown 
by  symbols  placed  at  points  where  the  circuits  begin  or  end. 

The  symbols  are  understood  to  refer  to  what  is  passing  inby  from 
the  points  at  which  the  symbols  are  displayed.  "Whenever  a  circuit 
or  a  conductor  is  added  or  dropped  a  new  symbol  is  placed  on  the 
map.  These  symbols  consist  of  groups  of  letters  each  of  which  rep- 
resents a  conductor,  as  defined  in  the  list  above. 

A  general  idea  of  the  application  of  these  conductor  symbols  may 
be  obtained  from  figure  7.  For  the  sake  of  simplicity  only  one  entry 
is  shown.  For  the  sake  of  clearness  explanatory  notes  are  placed  on 
the  maps  instead  of  in  the  text. 

Figure  8  shows  the  application  of  some  of  the  symbols  to  an  actual 
mine  map.  Xoies  have  been  written  out  for  each  symbol  and  placed 
on  the  map  to  make  it  self-explanatory. 

EXPANSION  OF  THE  SYSTEM. 

The  list  of  symbols  given  herewith  does  not  cover  all  of  the  elec- 
trical equipment  of  a  mine,  but  enough  are  given  to  represent  the 
permanent  machines  and  conductors.  Xo  symbols  have  been  prepared 
for  portable  or  temporary  apparatus,  as  the  representation  of  such 
apparatus  on  maps  will  seldom  be  required. 


1.1  I,,    i  EUCAL    SYMBOLS    FOB    MINI.    MAI'S. 


3DC 


10 


ELECTRICAL    SYMBOLS    FOR    MINE    MAPS. 


The  Bureau  of  Mines  plans  to  revise  and  enlarge  this  list  of  symbols 
from  time  to  time  and  will  be  glad  to  receive  suggestions  for  changes 
and  additions. 


Trolley,  'phone,  and  signal  running:  inby, 
source  of  power  is  outside  the  mine 


Z 


X         /  (  Trolley  and  'phone ] 

. /     I  go  up  this  entry      / 

hfTPl  \  ' 


3p 

/  t 


/Trolley  and  ' phone \ 
I  go  down  this  entry  I 


I  Trolley  and  'phoney 
I  go  down  this  entry  J 


W\ 


ifr 


"Phone  stops  hereA 
trolley  continues/ 


/Trolley  and  'phone  running  inby ,\ 
I  signal  line  dropped  here  i 


. [ 'Phone stops  here,) 
I  trolley  continues/ 


m 


£ 


Two  bare  conductors 
go  down  this  entry 


Fig.  8. — Electrical  symbols  as  used  on  mine  map. 

The  bureau  is  also  preparing  and  will  soon  issue  a  series  of  symbols 
for  other  features  of  mine  equipment,  for  use  on  general  mine  maps 
and  on  maps  that  relate  especially  to  explosions  and  fires. 

PUBLICATIONS  ON  MINE  ACCIDENTS  AND  TESTS  OF  EXPLOSIVES. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C. : 

Bulletin  10.  The  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clarence 
Hall.     1912.     34  pp.,  5  pis. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence 
Hall.  W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used 
at  Pittsburgh,  by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.  1911. 
197  pp.,  7  pis. 

A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and 
61  pp.,  10  pis.     Reprint  of  United  States  Geological   Survey 


Bulletin  17. 
Clarence  Hall. 
Bulletin  423. 

Bulletin  20.  The  explosibility  of  coal  dust,  by  G.  S.  Rice,  with  chapters  by 
J.  C.  W.  Frazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis. 
Reprint  of  United  States  Geological  Survey  Bulletin  425. 

Bulletin  2G.  Notes  on  explosive  mine  gases  and  dusts,  by  R.  T.  Chamberlin. 
67  pp.     Reprint  of  United  States  Geological  Survey  Bulletin  383. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines,  its  pur- 
pose and  equipment,  by  H.  H.  Clark.     1911.     12  pp. 
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1 1 1  ii.nral  Papeb  <>.  The  rate  of  burning  of  fuse  .-is  Influenced  by  temperature 
and  pressure,  by  W.  0.  SnelJIng  and  W.  C.  Cope.     1912.    28  pp. 

\u  \;    Papeb  7.  Investigations  of  f\i^'  and  miners1  Bquibs,  by  Clarence 
Ball  and  s.  p.  Howell.     1912.     19  pp. 

Tia  bnk  ai  Papi  b  i  i.  The  use  of  mice  ami  birds  for  detecting  carbon  monoxide 
after  mine  Bres  and  explosions,  by  <;.  A.  Burrell.    1!>il'.     15  pp. 

Technical  Papeb  12.  The  behavior  of  nitroglycerin  when  healed,  by  W.  <». 
Snelling  and  C.  G    Storm.     1912.     it  pp.,  1  pi. 

Te<  ii.nh.vi.  Papeb  13.  <!as  analysis  as  an  aid  in  fighting  mine  iiivs.  by  <i.  A. 
BuiTell  and  F.  M.  Selbert.     1912.    16  pp. 

Technical  Papeb  17.  The  effect  of  si emming  mi  the  efficiency  of  explosives,  by 
w.  O.  Snelling  and  Clarence  Hall.    1012.    —  pp. 

Technical  Papeb  18.  Magazines  and  thaw  bouses  for  explosives,  by  Clarence 
Hall  and  S.  T.  Howell.     1912.     —  pp. 

Technical  Papeb  19.  The  factor  of  safety  in  mine  electrical  installations,  by 
II.  II.  Clark.     1912.    14  pp. 

Technical  Papeb  21.  The  prevention  of  mine  explosions;  report  and  recom- 
mendations, by  Victor  Watteyne,  Carl  Mei.ssner,  and  Arthur  Desborough.  12  pp. 
Reprint  of  United  Stales  Geological  Survey  Bulletin  -">r>'.».  revised. 

Mixers'  Cibculab  2.  Permissible  explosives  tested  prim-  to  January  1,  1911. 
and  precantions  to  be  taken  in  their  use,  by  Clarence  Hall.     1911.     12  pp. 

Mixers'  Circular  3.  Coal-dust  explosions,  by  G.  S.  Rice.     1911.     22  pp. 

Mixers'  Circular  4.  The  use  and  rare  of  mine-rescue  breathing  apparatus, 
by  J.  W.  Tanl.     1911.     24  pp. 

Mixers'  Circular  5.  Electrical  accidents  in  mines;  their  causes  and  preven- 
tion, by  H.  II.  Clark.  W.  D.  Roberts,  I..  C.  Ilsley,  and  II.  F.  Randolph.  1911. 
10  pp..  :'.  pis. 

Mixers'  Circular  6.  Permissible  explosives  tested  prior  to  January  1,  1912, 
and  precantions  to  be  observed  in  their  use,  by  Clarence  Hall.     1912      20  pp. 
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